It is now almost 30 years since penicillin was introduced to combat the endemic treponematoses of childhood, prevalent in rural areas of many developing countries. Preparations such as PAM and benzathine penicillin were shown to produce effective blood and tissue concentrations of 4 days' to 3 weeks' duration after single intramuscular injections. Long-acting treatment thus became available which could be used on clinical as well as epidemiological indications, and organized community-wide campaigns could be undertaken in endemic treponematoses areas. This development gave hope that disease could be eliminated by the wide use of a drug alone.
On the basis of pilot studies of yaws in Haiti (Levitan, Rodriguez, Jacobs, Petrus, and Durand, 1953) , endemic childhood syphilis in Yugoslavia (Grin, 1953) , and pinta in Mexico (Edmundson, Lopez, Rico, and Olansky, 1953) , mass penicillin campaigns were undertaken by health administrations in 46 countries in the context of the WHO Treponematoses Programme. In the first decade national and international attention was focused on the setting up of a programme and on control of disease. With declining clinical prevalence, orientation turned towards concurrent epidemiological surveillance. In the last few years seroepidemiological studies of the changing pattern of disease and infection became possible and a method-ology for long-term surveillance of endemic treponematoses was developed in the frame of the activities of the World Health Organization. The present paper is concerned with the application of this methodology and the study of 'disappearing' disease in regard to the endemic treponematosis of childhood, known as 'endemic non-venereal syphilis', previously prevalent in the Federal Republic of Bosnia-Herzegovina, Yugoslavia.
It may first be useful to recall that endemic syphilis is a disease acquired by non-venereal contact, predominantly in childhood, characterized by infectious mucous membrane and relapsing skin lesions in the first years of its natural course. In adolescence and adult life, late, sometimes incapacitating and mutilating, lesions of skin, bones, and joints may develop. Cardiovascular and nervous system involvement are rare, and when present are mostly mild and nonprogressive.
Early latency and late latency are much more frequent than clinical disease in endemic areas. These latent cases, as well as those with clinical lesions, are seroreactive in tests using lipoidal and treponemal antigens (e.g. the Wassermann reaction (WR), the Venereal Disease Research Laboratory (VDRL) test, the fluorescent treponemal antibody (FTA) test, and the Treponema pallidum immobilization (TPI) test. Serological response to therapy is related to the duration of the infection. Seroreactivity may remain in endemic syphilis as in-other treponematoses throughout life in untreated persons and often also in persons adequately treated in the later stages of the disease.
Western Pacific islands as early as 1923 and in subsequent years (Buxton, 1928; Lambert, 1936) , and in Africa (Harding, 1949) , as well as on endemic syphilis in Yugoslavia (Grin, 1937; Kogoj and Vuletic, 1939) . However, the epidemiological concept that treatment was necessary for symptomless household contacts and presumed latent cases in addition to clinical cases had as yet not evolved. Demographic aspects were not taken adequately into account in early campaigns, nor was the epidemiological importance of obtaining complete coverage of the total population recognized. Such quantitative aspects are today held to be essential elements of mass campaigns and of the methodology of epidemiological surveillance.
In general, several periodical re-surveys (RS) are undertaken after the initial treatment survey (ITS) of mass campaigns against the endemic treponematoses. From the findings in the mass campaigns and the concurrent surveillance studies of endemic treponematoses certain questions arise:
Can early infectious clinical disease actually be eliminated, and can transmission of infection be interrupted through the wide application of a drug, utilized in accordance with the epidemiological characteristics of the disease ?
The endemic syphilis of Bosnia and the masstreatment campaign, 1948-1955 Since the first published description of endemic syphilis ('non-venereal endemic syphilis') in BosniaHerzegovina by Gluck (1888) , the origin, extent, and changing pattern of this disease have been the subject of many national and international studies. These are not reviewed in the present report, which refers only to recent investigations of this endemic disease after a penicillin mass treatment programme which was begun in 1948. The programme has been described in some detail by Grin (1953 Grin ( , 1960 , Clark (1950) , Guthe and Luger (1966) , and others. Grin also described the changing socioeconomic conditions of the population in the endemic areas as well as the relevant cultural and other background features which affect the epidemiology and control of endemic treponematosis. The campaign, which was conducted between 1948 and 1955 by the health administration of the Republic of Bosnia-Herzegovina and the federal health authorities of Yugoslavia, with technical and other assistance from the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF), aimed at the eradication of this endemic treponematosis of childhood which had been prevalent in large areas of the Republic since the 18th century (Fig. 1) . Herzegovina, 1951 The methodology used in the campaign has been described in the publications mentioned as well as in reports by WHO Expert Committees (WHO, 1953 . Briefly, the methodology was based on an initial examination of the population concerned at ITS, with treatment of overt clinical and latent cases and their household contacts, followed by periodical oRS of the populations at risk, in both instances using defined dosage schedules of long-acting procaine penicillin G in oil with aluminium monostearate (PAM).
FIG. 1 Prevalence of endemic syphilis in Bosnia and
The coverage of the population in the ITS of the mass campaign-during which more than 600,000 people were examined-ranged from 5041 to 99-6 per cent. of the enumerated population in different areas (Table I and Fig. 2 ). An average of 79-2 per cent. of the population at risk was examined. The clinical and serological findings at the ITS and succesive RSs in the population covered by the mass campaign 1948-1955 and on subsequent surveillance (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) Fig. 3 . 2-4 8-7 1*8 2-6 3-3 7-9 4-0 0-75 14-0 15-0 5-0 11-4 2-9 0-97 0-98 1*7 16-6 3-2 6-2 7-1 6-9 1*4 5-6 6-1 13-2 8-6 3-4 3-6 2-7 (Grin, 1961) . A more detailed picture of the regression of endemic syphilis after the mass penicillin campaigns, not only in the Srez of Bosnia-Herzegovina but also in the villages themselves, is presented in Table III Fig. 4 shows the geographical distribution of the selected villages.
FIG. 4 Geographical distribution of the 48 selected villages
A satisfactory correlation between reactor-rates at ITS in the selected villages and the corresponding MNOs was found; this is shown in Fig. 5 (overleaf). 2-2 5-6 2-1 1-5 9-0 6-2 9-4 0-92 0-62 1-3 25-0 22-8 19-1 7-2 6-4 2-9 0-98 1-7 2-6 2-4 1-6 5-3 7-9 7-3 4-5 6-8 0-00 0-96 2-2 0-92 4-0 13-9 3-8 3-5 6-7 5-7 10-5 13-4 12-0 17-0 4-2 4-7 1-7 2-3 1-9 2-7 3-9 No. Tables XI and XII group.bmj.com on November 6, 2017 -Published by http://sti.bmj.com/ Downloaded from the 1,500 to 2,000 individuals for whom no previous records could be retrieved, it should be noted thatin the course of the last 20 years-a great number of families and individuals moved to other villages and towns (urbanization) and could not be located in 1968 in the 48 sample villages where they had lived at the time of the mass campaign.
The examination of the background data on 2,402 individuals permits retrospective evaluation of the mass campaign from another angle than that of the general assessment of the seroepidemiological findings as presented above. Table XIII shows that the distribution of individuals according to sex and nationality was approximately the same in the retrieved ITS records as in the sample examined during the seroepidemiological study. It may, therefore, be assumed that the 2,402 but none had a record of clinical or serological findings and they are therefore not considered here). This is 0 3 per cent. as compared to an average of 0 44 per cent. in the whole population observed at ITS ( Table Ha) . The much higher prevalence of clinical and serological endemic syphilis in the Muslim group than in the other groups is also shown in Table XV . Table XVI shows a characteristic hypoendemic area with benign infectious lesions in some age groups. The infectious lesions in persons concerning whom ITS data were available were found mainly among the adolescent and adult groups. The same appears to apply to non-infectious and inactive lesions, as far as the small numbers allow conclusions. The majority of seroreactors were also found in the higher age groups.
The clinical cases shown in Table XVII In order to investigate the presence of spiral organisms, examination of the aqueous humour and cerebrospinal fluid was undertaken in most of this group of 35 TPI-reactors. Some darkfield findings and positive immunofluorescent staining tests showed the presence of such organisms in some of the TPIreactive individuals, but infectivity tests were negative.
Summary and conclusions
An analysis of data collected in a seroepidemiological study of endemic non-venereal syphilis in Bosnia in 1968 compared with the findings during a previous mass campaign and available post-campaign surveillance data led to the conclusion that transmission of endemic syphilis was completely interrupted by the mass campaign. The latter was carried out against a background of rapid socioeconomic change in the affected population, along with the creation of modern health services to cover the entire population of the Republic of Bosnia-Herzegovina.
Analysis of the background data shows that this excellent result was brought about by intensive treatment of all cases detected through systematic clinical and serological screening of the affected population and of contacts exposed to infectious family members of the initial treatment survey and the re-surveys. Re-surveys during the post-campaign surveillance of the disease covered decreasing numbers of persons and were mainly directed towards high prevalence foci located at preceding surveys. The findings by the TPI test used in the seroepidemiological study in 1968 to 1970 indicate that the diagnostic procedures used during the mass campaign were adequate.
In the introduction to the present report, two essential public health questions were raised in relation to endemic syphilis, notably: 'Can early infectious clinical disease actually be eliminated' and 'Can transmission of infection be interrupted through the wide application of a specific drug, utilized in accordance with the epidemiological characteristics of the disease ?'
The present study shows that early infectious disease CAN be eliminated and that the transmission of treponemal infection CAN be interrupted by a vigorous and carefully-conducted mass campaign, supported by the organization of an efficient health service with concomitant improvement in socioeconomic conditions, as was the case in Bosnia-Herzegovina. 
